The genus Pseudomonas was first described by Migula [1] and is known for its metabolic diversity. At the time of writing, this genus encompasses more than 150 species with validly published names [2, 3] . Besides being frequently found in nature, species of the genus Pseudomonas are considered to be important food spoilers [4] [5] [6] [7] , which is most probably attributed to their psychrotolerant nature and proteolytic activity [8] [9] [10] [11] . In a study elucidating the biodiversity and spoilage potential of milk microbiota, 20 raw milk samples were analysed [12] . The most prevalent and abundant genus was Pseudomonas with a high number of potentially novel species of the genus. Five isolates (WS 4992 T , WS 4997 and WS 5000 as well as WS 4672
T and WS 4998) from four different samples have been assigned to the genus Pseudomonas but could not be identified to the species level.
The phylogeny of the isolates was initially determined by both partial rpoD and 16S rRNA gene sequence analysis, since the 16S rRNA gene as single marker cannot be used to discriminate Pseudomonas species [13, 14] . PCR conditions and primers have been described elsewhere [15] . A similarity search of rpoD gene sequences to type strain sequences was performed using the BLASTN algorithm [16] and the GenBank database [17] . 16S rRNA gene sequence similarities were determined using the EzTaxon-e server (www. ezbiocloud.net; [18] ).
, showing pairwise 16S rRNA gene similarity values between 99.7 and 99.2 %. The phylogeny of the five novel strains based on 16S rRNA gene and partial rpoD sequences was analysed using the MEGA (Molecular Evolutionary Genetics Analysis) 5.2.2 software [19, 20] as described previously [15] using corresponding sequences of type strains [2, 3] retrieved from public databases.
The sequences of both species group 1 and group 2 formed two individual subgroups in a phylogenetic tree based on partial rpoD sequences (Fig. S1 , available in the online Supplementary Material), and one group of closely related sequences separated only by P. azotoformans IAM 1603
T based on almost-complete 16S rRNA gene sequences (Fig. 1) . A more detailed analysis of phylogeny was performed by multi-locus sequence analysis (MLSA) as described by Mulet et al. [14] using concatenated partial sequences of the 16S rRNA, gyrB, rpoD and rpoB genes ( Fig. 2) and amino acid sequences of GyrB, RpoD and RpoB (Fig. S2) . The nucleotide sequences of the proposed type strains of the two novel species have been retrieved from the draft genomes, the nucleotide sequences of all other strains have been retrieved from public databases and are listed in Table S1 .
The two branches of strains WS 4992
T and WS 4672 T are clearly separated from another and from all other species with distances similar or larger than between related species (Figs 2 and S2). In addition, the p-distance of the concatenated partial gene sequences was calculated using MEGA 5.2.2 [20] and is given as percentage of sequence similarity in Table S2 . The highest sequence similarity of WS 4992 T and WS 4672 T was found to P. azotoformans and was 96.3 and 96.0 %, respectively. Strains WS 4992
T and WS 4672 T showed a sequence similarity of 96.9 % and are therefore at the borderline of MLSA (16S rRNA gene, gyrB, rpoD and rpoB) species discrimination based on the benchmark of 97 % proposed by Mulet et al. [14] . However, there were even higher similarities observed among species with validly published names. P. libanensis and P. synxantha showed a MLSA similarity value higher than 98 % and would therefore be considered as belonging to the same species when applying the 97 % threshold. The same is true for Pseudomonas marginalis and Pseudomonas panacis, as well as P. marginalis and Pseudomonas grimontii. Selection of reference strains for further analyses was based on the combined results of 16S rRNA gene and MLSA sequence similarity and phylogeny. P. azotoformans and P. cedrina subsp. cedrina were most closely related in the 16S rRNA gene tree, and P. synxantha and P. libanensis in the MLSA tree. Five additional strains as well as Pseudomonas aeruginosa as the type species were chosen to cover adjacent clusters from the MLSA tree. Strains used as references were P. azotoformans DSM 18862
T [21] , P. gessardii DSM 17152
T [22] , P. cedrina subsp. cedrina DSM 17516 T [23, 24] , P. libanensis DSM 17149
T [25] , P. orientalis DSM 17489 T [24] , P. poae DSM 14936
T [26] , P. synxantha DSM 18928 T [21] , P. trivialis DSM 14937
T [26] and P. veronii DSM 11331 T [27] as well as the type strain of the type species, P. aeruginosa DSM 50071
T [21] .
Besides single gene sequence analysis, draft whole genomes have been generated for all reference strains, and the strains WS 4992 T and WS 4672 T as described previously [15] except P. aeruginosa DSM 50071
T whose genome is available under the accession number JYLC00000000. Draft genome assemblies were compared to calculate the average nucleotide identity (ANI) using the script ANI.pl (by Jiapeng Chen) available at https://github.com/chjp/ANI. It is based on the algorithm described by Richter and Rosselló-Móra [28] who also postulated the benchmark for species demarcation of 94-96 % ANIb similarity. The ANIb value of strains WS 4992 T and WS 4672 T was 89.8 % supporting that the strains represent two distinct species. In addition, ANIb values of the strains WS 4992 T and WS 4672 T to all reference strains were 89.3 % (Table 1 ) and the two strains therefore represent two novel species distinct from their closest relatives. Notably, the strains P. libanensis DSM 17149 T and P. synxantha DSM 18928 T are at the borderline of ANIb species discrimination having an ANIb value of 95.0 %. Annotation of genomes was performed by the NCBI Prokaryotic Genome Annotation Pipeline [29] and genome size, G+C content, number of genes and coding sequences are listed in Table 2 .
Strains WS 4992
T and WS 4672 T contain 59-60 mol% G+C in their DNA, which is at the lower limit of the range of 58-69 mol % known for species of the genus Pseudomonas [30] . Draft genomes determined in this study have been deposited in the GenBank database under the following accession numbers: JYLO00000000 (Pseudomonas lactis sp. nov. WS 4992 T ), JYLN00000000 (Pseudomonas paralactis sp. nov. WS 4672 T ), JYLH00000000 (P. libanensis DSM 17149 T ), JYLJ0000000 (P. synxantha DSM 18928 T ), JYLM00000000 (P. orientalis DSM 17489 T ), JYLI00000000 (P. poae DSM 14936 T ), JYLK00000000 (P. trivialis DSM 14937 T ), JYLL00000000 (P. veronii DSM 11331 T ), MNPU00000000 (P. gessardii DSM 17152 T ), MNPV00000000 (P. azotoformans DSM 18862 T ) and MNPW00000000 (P. cedrina subsp. cedrina DSM 17516 T ). For determining morphological features, cells were grown on trypticase soy agar (TSA; Roth) supplemented with 1 % glucose (referred to as TSG) at 25 C for 24 h unless otherwise mentioned. Physiological characteristics were examined in two completely independent repetitions as described previously [15] . Production of acid from carbohydrates was tested in microtitre plates as done for test of sugar assimilation [15] , but the API 50CHB/E suspension medium was used to make cell suspensions. Plates were incubated at 25 C with shaking at 550 r.p.m. for 3 days. Production of acid was indicated by a colour change of the pH indicator. The presence of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease, tryptophan deaminase as well as Voges-Proskauer reaction was tested using the API 20E strips according to the manufacturer's instructions.
The cell shape of strains WS 4992 T and WS 4672 T (Figs S3 and S4) and motility were observed using the bright field of a fluorescence microscope (BX51; Olympus) in combination with the software package F-View Soft Imaging System (Olympus) after growth at 25 C without shaking for 24 h in trypticase soy broth (TSB).
The growth characteristics of the two novel species are comparable to those observed for the reference strains of their closest phylogenetic neighbours. All tested strains, except the closely related strains P. poae DSM 14936 T , P. trivialis DSM 14937
T and P. aeruginosa DSM 50071 T , were psychrotolerant and grew at 4 C, which is a widespread feature for species of the genus Pseudomonas. The maximum growth temperature (33) (34) (35) C) and pH range (5-8) was also comparable for most species, except for P. aeruginosa growing up to 42 C. Maximum tolerated NaCl concentrations were 5-6 % (w/v) for most species, with the exception of P. synxantha DSM 18928 T and P. veronii DSM 11331 T growing only up to 3 and 4 %, respectively.
Differences were also observed for other physiological properties, e.g. the assimilation or production of acid from carbohydrates. Physiologically, the two novel species are closely related, but can be discriminated by the utilization of D-sorbitol and sucrose as sole carbon source as well as the production of acid from D-sorbitol, sucrose and D-lyxose. The two novel species could be differentiated from all other tested type strains by at least three traits ( Table 2) . P. libanensis was the species exhibiting the highest physiological similarity, but could be discriminated from both species groups by lacking haemolysis of blood, showing a positive result for nitrate reduction, and lacking acid production from cellobiose. For species group 1 a variable feature was detected during the course of the analyses. The type strain WS 4992 T was negative for haemolysis, while the other two strains WS 4997 and WS 5000 showed positive results. In addition, there was a mentionable observation unique to the strain Pseudomonas libanensis DSM 17149 T (Fig. S5) . During prolonged growth on cetrimide agar (up to 10 days) some colonies showed swarming resulting in treelike structures reminiscent to the tip splitting morphotype of Paenibacillus dendritiformis [31] .
Phenotypic data obtained for the reference strains are not fully congruent with previously published data [24] [25] [26] . P. poae DSM 14936
T tested negative for the ability to produce a diffusible fluorescent pigment during growth on King B agar during our survey, while the strain was positive in the species description of Behrendt et al. [26] . Another example for discrepancies are the results for denitrification. The result for P. libanensis DSM 17149
T was positive in our study, but negative in the studies of Dabboussi et al. [24, 25] . Nevertheless, the same test conditions have been used for all strains in this study to ensure a high comparability of the results and to allow for the evaluation of differentiating features. The project, where all strains of novel species groups 1 and 2 have been isolated, focused on the proteolytic activity of rawmilk-associated microbes and this ability was tested for all strains including the reference strains using skimmed milk agar. Proteolysis of skimmed milk at:
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Hydrolysis of gelatine at 30
Utilization of:
Production of acid from: high proteolytic activity when analysed in heat-sterilized 10 % (v/v) ESL milk [32] . The strains WS 4992 T and WS 4672 T secreted a single peptidase, which was purified and identified by mass spectrometry as the well-known AprA metallopeptidase common for Pseudomonas [33, 34] .
Fatty acid analyses were carried out for all reference strains and strains WS 4992 T and WS 4672 T by the Identification Service of the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). Cells were grown in TSB at 28 C for 24 h and then analysed by modifying the methods of Miller [35] and Kuykendall [36] . Major cellular fatty acids for both strain WS 4992
T and strain WS 4672 T were C 16 : 0 , C 18 : 1 !7c, and summed feature C 16 : 1 !7c/C 15 : 0 iso 2-OH; further fatty acids detected were C 12 : 0 , C 10 : 0 3-OH, C 12 : 0 2-OH, C 12 : 0 3-OH, and C 17 : 0 cyclo. As described by Moore et al. [30] most of these are typical for Pseudomonas species and patterns obtained for the reference strains are in good agreement (Table 3 ). Major differences in the profiles were only observed for P. aeruginosa and P. gessardii that differed in the values for C 18 : 1 !7c, C 17 : 0 cyclo, and summed feature C 16 : 1 !7c/C 15 : 0 iso 2-OH.
The Identification Service of the DSMZ also conducted the analysis of respiratory quinones and polar lipids (see Figs S6 and S7) as described elsewhere [37] [38] [39] [40] . Biomass for these analyses was produced by growing strains WS 4992 T and WS 4672
T at 25 C for 24 h in TSB. The cultures were centrifuged and washed with sterile Ringer's solution (1/4-strength) before freeze-drying. The pattern of polar lipids detected for strains WS 4992 T and WS 4672 T is rather simple and comprises phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and a phospholipid, which have been described as being typical for species of the genus Pseudomonas [30] . The major respiratory quinone is Q-9 for both novel species and also the one found most often in Pseudomonas species [30] . 
DESCRIPTION OF PSEUDOMONAS LACTIS SP. NOV.
Pseudomonas lactis (lac¢tis. L. gen. n. lactis from milk, referring to bovine raw milk, from which all three original strains of the species were isolated).
Cells are Gram-stain-negative, motile, non-endospore-forming, fluorescent on King B agar, catalase-and oxidase-positive, and rod-shaped with a size of 1.5-6.5 µm (mean 2.6 µm) Â~0.75 µm. Beige, smooth and round colonies of 0.5-1.0 mm diameter emerge after incubation at 25 C for 24 h on TSG. Growth occurs from C (growth at temperatures lower than 4 C has not been tested). The optimal growth temperature is between 27 and 31 C. Grows between pH 5 to 8 (optimum pH 6.0-7.0) and in the presence of up to 6 % NaCl C. Haemolysis is variable but hydrolysis of gelatine is positive. Negative for hydrolysis of starch. H 2 S is not produced. Negative for indole formation, Voges-Proskauer reaction and for the reduction of nitrate and nitrite. Does not produce lysine decarboxylase, ornithine decarboxylase, urease and tryptophan deaminase, but is positive for arginine dihydrolase. No growth is observed under anaerobic conditions. The predominant fatty acids of the type strain are C 16 : 0 , summed feature C 16 : 1 !7c/C 15 : 0 iso 2-OH, C 18 : 1 !7c, C 17 : 0 cyclo, C 12 : 0 2-OH, C 12 : 0 3-OH, C 10 : 0 3-OH and C 12 : 0 , the major polar lipids are phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and a phospholipid, and the major respiratory quinone is Q-9.
The type strain is WS 4992 T (=DSM 29167 T =LMG 28435 T ) and was isolated from raw bovine milk. The DNA G+C content of the type strain is 60.0 mol% and the genome size is 6.73 Mb. Two additional strains of the species, WS 4997 and WS 5000 were isolated from two different samples of raw bovine milk.
DESCRIPTION OF PSEUDOMONAS PARALACTIS SP. NOV.
Pseudomonas paralactis (pa.ra.lac¢tis. Gr. prep. para beside; L. gen. n. lactis from milk, referring to bovine raw milk, from which both original strains of the species were isolated; N.L. gen. n. paralactis beside lactis, referring to the close relationship to Pseudomonas lactis). C. Haemolysis can be detected. Negative for hydrolysis of starch but positive for hydrolysis of gelatine. H 2 S is not produced. Negative for indole formation, Voges-Proskauer reaction and for the reduction of nitrate and nitrite. Does not produce lysine decarboxylase, ornithine decarboxylase, urease and tryptophan deaminase, but is positive for arginine dihydrolase. No growth is observed under anaerobic conditions. The predominant fatty acids of the type strain are C 16 : 1 !7c/C 15 : 0 iso 2-OH, C 16 : 0 , C 18 : 1 !7c, C 12 : 0 , C 12 : 0 3-OH, C 12 : 0 2-OH and C 10 : 0 3-OH, the major polar lipids are phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and phospholipid, and the major respiratory quinone is Q-9.
The type strain is WS 4672 T (=DSM 29164 T =LMG 28439 T ) and was isolated from raw bovine milk. The DNA G+C content of the type strain is 59.7 mol% and the genome size is 6.02 Mb. WS 4998, an additional strain of the species, was isolated from the same raw milk sample.
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